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ABSTRACT

Mango is one of Vietnam’s most important tropical fruit trees, valued not only for its
appealing taste but also for its rich content of vitamins, minerals, and antioxidants that promote
good health. Despite being easy to cultivate and adaptable to various soil conditions, mango trees
are often susceptible to diseases that significantly impact their growth, development, yield, and
fruit quality. Among these, fruit rot is a major concern, particularly stem-end rot, which can
severely affect mangoes after harvest. Currently, disease management primarily relies on
chemical fungicides, which pose serious risks to human health, contribute to environmental
pollution, promote the emergence of drug-resistant fungi, and disrupt microbial ecosystems. In
this study, a stem-end rot-causing fungus was isolated from mango fruits collected at Thanh
Xuan Market, District 12, Ho Chi Minh City, Vietnam. The isolated fungus exhibited
branched, septate hyphae and distinct a- and B-conidia. Pathogenicity was confirmed by re-
inoculation onto fresh mango fruits, which developed typical rot symptoms. Molecular
identification based on sequencing of an 820 bp rDNA fragment and phylogenetic analysis
revealed that the isolate was closely related to Diaporthe strains. Accordingly, the isolate was
named Diaporthe TX12 HCMC. The antifungal activity of Streptomyces flaveus RT1-1 against
Diaporthe TX12 HCMC was evaluated through a co-culture assay on PDA. The result showed
an average inhibition of 71.83 £ 1.82%, suggesting that extracellular metabolites produced by
S. flaveus RT1-1 probably diffused into the agar medium and inhibited the fungal growth. These
findings highlight the potential of S. flaveus RT1-1 as a biocontrol agent against Diaporthe-
induced stem-end rot in mangoes, offering a promising alternative to synthetic fungicides for
management of postharvest fruit rot.

Keywords: Sustainable agriculture, agricultural biotechnology, stem-end rot, mango,
biocontrol, Streptomyces flaveus.

1. INTRODUCTION

Mango (Mangifera indica L.) is a vital tropical fruit in Vietnam, prized for both economic
value and nutritional benefits, and is extensively grown for local use and export. Its high levels
of vitamins, minerals, and antioxidants enhance its reputation as a health-promoting food. The
species' ability to thrive in a range of soils and climatic conditions supports its widespread
cultivation. Nonetheless, mango farming is increasingly hindered by the emergence of various
plant diseases [1]. Fruit rot in mango, which can be caused by various pathogens, increasingly
attributed to pathogens of the Diaporthe genus, has become a significant concern. This disease,
commonly referred to as stem-end rot, typically begins at the fruit's pedicel. It starts as a dark
brown to black spot and progresses into soft, brown decay accompanied by an unpleasant odor,
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making the fruit unsuitable for consumption. Multiple Diaporthe species have been identified as
contributors to stem-end rot in mangoes across various regions of the world [2-6]. However,
there has been only one reported case of stem-end rot mango sold in Vietnam [7].

Diaporthe species are able to produce phomopsin-A (PHO-A). PHO-A is highly toxic to
animals, especially ruminants like sheep, where it causes lupinosis, a serious liver disease
marked by jaundice, weight loss, and even sudden death. It damages liver cells by binding to
tubulin and disrupting microtubule function. Similar toxic effects, including liver tumors, have
been seen in cattle and rats [8-9]. Due to its potency and potential to contaminate food,
managing Diaporthe is essential to protect both animal and human health.

Pesticides have been recommended for management of the diseases, including fruit rot,
in mangoes [1]. As aresult, chemical fungicides have been widely used to manage the diseases.
However, this strategy raises significant concerns, such as potential health hazards,
environmental pollution, the emergence of fungicide-resistant pathogens, and harm to
beneficial microbes. Permethrin, for instance, is a pesticide permitted for use in Vietnam [10]
— its misuse has left its residues on mango fruits. In fact, Vietnamese mango products packaged
in Skg bags were found to contain residues of permethrin [11, 12]. Therefore, there is an urgent
need for sustainable and eco-friendly alternatives to chemical fungicides.

Actinobacteria, particularly Streptomyces species, have gained significant attention for
their potential as biocontrol agents due to their ability to produce antifungal metabolites. These
naturally occurring soil bacteria can inhibit fungal pathogens by secreting bioactive
compounds [13], making them promising candidates for environmentally safe disease
management.

In this study, we aimed to isolate and identify the fungal pathogen responsible for mango
fruit rot based on morphological and molecular approaches, and evaluate the biocontrol
potential of Streptomyces flaveus RT1-1 for the fruit rot disease on mangoes.

2. MATERIALS AND METHODS
2.1. Materials

Both healthy and diseased mango fruits were obtained from Thanh Xuan Market in
District 12, Ho Chi Minh City. The S. flaveus RT1-1 strain, originally isolated from soil, was
maintained on starch-casein agar [14].

2.2. Methods
2.2.1. Isolation of stem-end rot causing agent

The fungal pathogen was isolated from diseased mangoes by surface sterilizing the fruit
in 70% ethanol for 30 seconds, then 1% NaOCI for 2 minutes, followed by a rinse with sterile
distilled water and drying on autoclaved paper. Tissue pieces (~ 1 cm?) were excised from the
boundary of healthy and infected areas and placed on 90 mm petri dishes containing potato
dextrose agar (PDA) prepared as previously described [14], then incubated at 25 °C for 2 to 5
days. Developed mycelia were then checked regularly under a light microscope at 400x
magnification. The fungi were sub-cultured repeatedly onto fresh petri dishes until pure
isolates were obtained.

2.2.2. In vitro fungal infection

Three mango fruits weighing 200-250 g were prepared by washing under tap water,
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surface-sterilizing with 70% alcohol, immersing in 1.5% NaClO for 3 minutes, and rinsing
with sterile distilled water. A 9 mm diameter metal rod was sterilized with alcohol, heated on
the flame until hot, cooled to room temperature, and used to create 0.5 cm deep wounds on the
fruit. Agar plugs (9 mm wide, 5 mm thick) containing fungal mycelia were placed onto the
wounds, and the fruits were incubated at 25 °C in nylon bags with moist sterile towels for 7
days. Following the development and spread of rot, the fungus was re-isolated on PDA,
purified, and identified.

2.2.3. Fungal identification and phylogenetic analysis

Molecular identification of the fungal species was performed at the Molecular
Diagnostics Department, Nam Khoa-Biotek Laboratory, Ho Chi Minh City (License No.
05505/SYT-GPHD). Genomic DNA was extracted and used as a template for PCR
amplification targeting the ribosomal DNA (rDNA) region. The resulting PCR product was
then sequenced and blasted against the National Center for Biotechnology Information (NCBI)
database (https://blast.ncbi.nlm.nih.gov). The rDNA fragments which were closely related to
the PCR sequence were downloaded from the database and used for the phylogenetic analyses,
using the MEGA12 software [15]. The Clustal W program within the software was used to
perform multiple sequence alignment. Evolutionary history was inferred using the Neighbor-
Joining method [16]. Evolutionary distances were calculated using the p-distance method [17],
expressed as the number of base differences per site. Ambiguous positions were handled by
applying the pairwise deletion option for each sequence pair. Bootstrapping was conducted
with 1,000 replicates.

2.2.4. Antifungal activity testing

The antagonistic effect of the actinomycete strain against the pathogenic fungus was
evaluated in vitro by co-culturing on PDA. The S. flaveus RT1-1 strain was sub-cultured onto
the starch-casein agar, incubated at 30 °C for 3-5 days, then used to co-culture with the stem-
end rot causing agent. The pathogenic fungus was inoculated at the center of the petri dish,
and actinomycete strain was placed at the four corners, 3 cm from the center. Fungus cultured
on a plate without actinomycete was used as a control. After incubating at 25 °C for 7 days,
antifungal zones were examined, and the antagonistic effect 1 (Inhibition, %) of the
actinomycete against fungal pathogen was determined using the following formula:

R1— R2

Inhibition (%) = —RL % 100

where R1 was the radius of the fungal colony in the control (cm), and R2 was that of the
fungal colony in the presence of the actinomycete (cm) [18].

The antagonistic effect was determined in triplicate. The resulting inhibition values from
these three replicates were used to compute the mean antagonistic effect and standard
deviation, with the latter calculated using the STDEV.S() function in Microsoft Excel to reflect
the variability within the experimental set.

3. RESULTS AND DISCUSSION
3.1. Isolation of mango fruit rot causing agent

Suspected stem-end rot mango fruits (Fig. 1a) were selected for fungal isolation. After
the fungi grew on the medium containing the suspected diseased mango pieces, the fungal
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strains were isolated and purified primarily based on the morphology of the aerial mycelia.
One of the isolated strains, designated as TX12 HCMC, after subculture, appeared grayish-
white in color, with brownish-yellow to black colloidal droplets on the surface. The fungus
grew rapidly on PDA medium at 25 °C and formed either a fluffy or flat fungal colony on the
culture medium (Fig. 1b).

== [

Figure 1. Stem-end rot mango fruit bought at the market (a) and morphology of the fungus isolated on
PDA after 7 days of incubation (b)

3.2. Microscopic observation and in vitro fungal infection

Under the light microscope, the isolated fungal strain suspected of causing mango stem-
end rot showed branched and septate hyphae (Fig. 2a). It possessed a-conidia, which were
hyaline, aseptate, ellipsoidal to cylindrical, and rounded at both ends (Fig. 2b). It also had j3-
conidia, which were hyaline, filiform, and aseptate (Fig. 2¢c). After being artificially inoculated
onto fresh mango fruits and incubated, rot symptoms were observed. At the artificially infected
sites, dark brown to black spots appeared and spread, the tissues became soft, rot with an
unpleasant odor (Fig. 2d).

i

Figure 2. Morphology of the isolated fungus under the light microscope. (a) Fungal hyphae,
(b) a~conidium, (c) B-conidium, (d) mango fruit infected with the isolated fungus artificially
(9 mm diameter agar plates were removed)

The previous studies showed that different Diaporthe species can have different

morphologies [19-21], however, because precise identification of plant pathogenic species is
obligatory for quarantine and disease management, the identification of species beyond
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morphology requires additional molecular sequence data [22, 23]. Thus, based on the fungal
morphology, it was not accurate to identify the isolated strain.

Some previous studies also noted that not all Diaporthe species were capable of causing
stem-end rot in mango, and their pathogenicity was also host-specific [4, 24]. In this study, the
isolated strain caused infection in fresh mango fruits, so it was subsequently moved on to
molecular identification.

3.3. Fungal identification and phylogenetic analysis

Following PCR amplification of the rDNA region from the fungal isolate’s genome, the
resulting product was sequenced, yielding an 820 bp fragment. A BLAST analysis against the
NCBI database revealed high similarity to sequences encoding portions of the 18S, 5.8S, and
28S ribosomal RNA genes found in various Diaporthe strains. The BLAST search results
showed that the PCR sequence shared over 95% identity with the top 100 rDNA sequences of
strains within the genus Diaporthe. Figure 3 presents a phylogenetic tree constructed from 17
related rDNA sequences of comparable length. This tree indicates that the stem-end rot causing
isolate, designated Diaporthe TX12 HCMC, was closely related to other Diaporthe strains.

100, Diaporthe TX12 HCMC
KY413705 Diaporthe ERS021
LC719216 Diaporthe Y-9-1
OP897178 Diaporthe novem C OH1078 2
OR164563 Diaporthe MT 6
OP922206 Diaporthe terebinthifolii LD2299 2
45|90, OP922204 Diaporthe stewartii SF16997 15
781 OR230587 Diaporthe MT66
0OP596024 Diaporthe miriciae CN092A6
OP596074 Diaporthe sojae CN119H3
1001 5p596088 Diaporthe sojae CN126G6
OP596093 Diaporthe sojae CN126H
71 OP596142 Diaporthe sojae CN136F7
LC150821 Phomopsis GUf-1
99! PQ634818 Phomopsis Ab.226 BN
L—— MF076621 Phomopsis S233
Fusarium solani DL
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Figure 3. Phylogenetic relationships among the Diaporthe/Phomopsis strains. Numbers at the nodes

are the bootstrapped values (in percent). The NCBI accession numbers are shown before the species
names. F. solani DL sequence [25] was used as an outgroup.

The genus Diaporthe, first described by Nitschke in 1870 with D. eres as the type species,
belongs to the family Diaporthaceae, order Diaporthales, within the class Sordariomycetes [26,
27]. Diaporthe is a genus of filamentous fungi with diverse ecological roles, acting as plant
pathogens, endophytes, and saprobes. It has historically been associated with the asexual genus
Phomopsis due to its ability to exhibit both sexual and asexual forms, which were traditionally
named separately under the dual nomenclature system. To simplify fungal taxonomy, a unified
naming system has been proposed, aiming to assign a single name to each species. However,
transitioning to this system has proven difficult because both names, Diaporthe and
Phomopsis, have been widely used in scientific and agricultural contexts. While Phomopsis is
more familiar, especially in plant pathology, Diaporthe takes precedence under current
nomenclature rules since it is the older name. Unless Phomopsis is formally conserved through
an official process, all species should now be referred to as Diaporthe [28].

The rDNA sequence of the Phomopsis sp. strain UM 254 (Accession No. JX966551)
used in this study was also utilized in a previous study, where a stem-end rot-causing strain,
Phomopsis strain M2, was isolated from infected mango fruits and identified in Hanoi,
Vietnam [7]. Compared to the strains shown in the phylogenetic tree (Fig. 3), this strain was
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too distantly related and was therefore not included in the tree. Figure 4 shows a large
difference in rDNA sequences of Phomopsis sp. UM 254 and Diaporthe TX12 HCMC.
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Figure 4. Difference in -DNA sequences of Phomopsis sp. UM 254 and Diaporthe TX12 HCMC. The
PCR product’s sequence was aligned with the rDNA sequence of Phomopsis sp. UM 254 obtained
from the NCBI database, using an online program [29]. Numbers on top of the alignment show the

nucleotide positions in the aligned sequences.

3.4. Antifungal activity

Diaporthe TX12 HCMC was co-cultured with S. flaveus RT1-1, a soil-derived isolate, and
was found to be susceptible to its antagonistic effect. As shown in Figure 5a, fungal growth
was suppressed in areas surrounding the hyphal mats of S. flaveus, while in the absence of the
actinomycete, the fungus grew freely (Fig. 5b). This suggests that extracellularly inhibitory
compounds released by S. flaveus had diffused into the agar and restricted the growth of
Diaporthe TX12 HCMC.

Figure 5. Co-culture of Diaporthe TX12 HCMC and S. flaveus RT1-1. (a) Diaporthe TX12 HCMC
co-cultured with S. flaveus RT1-1, (b) Control.

The antagonistic effect of S. flaveus RT1-1 against Diaporthe TX12 HCMC is presented

in Table 1. On average, the antagonistic effect was 71.83 + 1.82%, indicating a substantially
high level of activity.
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Table 1. The antagonistic effect of S. flaveus RT1-1 against Diaporthe TX12 HCMC

Replicate R1 (cm) R2 (cm) 1(%)
1 4.2 1.25 70.24
2 4.2 1.2 71.43
3 4.2 1.1 73.81

S. flaveus RT1-1 has the ability to produce chitinases [30, 31]. Chitinases have the ability
to cleave the chitin microfibrils inside the fungal cell wall and cause the fungal cell to
decompose [32]. However, it cannot be ruled out that this actinomycete produces antifungal
antibiotics. For example, S. flaveus strain A11 has been reported to produce antibiotic SW-B,
which was capable of inhibiting the growth of various plant-pathogenic fungi [33].
Nevertheless, whether S. flaveus strain A11 can suppress the growth of the stem-end rot-
causing fungus Diaporthe remains unknown. Therefore, further studies will aim to clarify the
identity of the compounds involved in inhibiting the growth of fungi that cause the stem-end
rot in mangoes.

4. CONCLUSION

Diaporthe TX12 HCMC is the first stem-end rot-causing fungus isolated from mango
fruits in southern Vietnam. S. flaveus RT1-1 exhibited strong antagonistic activity against
Diaporthe TX12 HCMC in vitro, with an average inhibition rate of 71.83 £ 1.82%. These
findings suggest that S. flaveus RT1-1 produced extracellular antifungal compounds capable
of suppressing the growth of this postharvest pathogen. The results demonstrate the promising
potential of S. flaveus RT1-1 as a biocontrol agent, providing a natural and sustainable
alternative to synthetic fungicides for managing postharvest stem-end rot in mango. Further
studies on the active compounds, their mechanisms of action, and field applications are
warranted to advance the development of this biological control strategy.
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TOM TAT

QUAN LY BEN VUNG BENH THOI QUA XOAL: KIEM SOAT SINH HOC Diaporthe
SU DUNG Streptomyces flaveus RT1-1

Phan Thi Huyén®, Nguyén Séng Giang
B6 mon Cong nghé Sinh hoc, Khoa Ky thudt Hoa hoc, Truong Dai hoc Bach khoa,
Pai hoc Quéc gia Thanh phé Ho Chi Minh, Viét Nam
*Email: huyencnshbk@hcmut.edu.vn

Xoai la mot trong nhitng loai cdy dn qua nhiét d6i quan trong nhét cta Viét Nam, khong
chi dugc va chudng nho huong vi thom ngon ma con bdi ham lugng cao cac vitamin, khoang
chat va chit chdng oxy héa c6 1oi cho sirc khoe. Du dé trong va thich nghi tét v6i nhiéu loai
dat khac nhau, cdy xoai van thuong man cam véi cac loai bénh gay anh huong dang ké dén
qua trinh sinh trudng, phat trién, ning suit va chét luong qua. Trong sb cac bénh do6, bénh thdi
qua 1a mot méi lo ngai 16n, dic biét 13 thdi cudng, giy anh hudng nghiém trong 1én chét luong
qua xoai trong giai doan sau thu hoach. Hién nay, viéc quan ly bénh thdi qua chi yéu dua vao
thudc diét ndm hoa hoc, song diéu nay tiém an nhiéu rui 10 dbi voi strc khoe con nguoi, gop
phan gay 6 nhiém moi trudng, thiic day su xuét hién ciia ndm khang thudc va lam rdi loan hé
sinh thai vi sinh vét. Trong nghién ciru ndy, mot chiing nam gay bénh thdi cudng da dugc phan
1ap tir qua xoai thu thap tai cho Thanh Xuan (Quan 12, Thanh phé HO Chi Minh). Dudi kinh
hién vi quang hoc, nim c6 hé soi phan nhanh, c¢6 vach ngin, c6 cac bao tir o va B c6 hinh déng
dic trung. Kha ning gy bénh cua nim dugc xac minh théng qua lay nhidm nhén tao 1én qua
x0ai twoi khoe, 1am xuat hién cac triéu chimg thdi qua dién hinh. Phan tich phét sinh loai dya
trén viéc giai trinh tw doan rDNA ¢6 kich thudc 820 bp cho thdy ching ndm phén 1ap duoc c6
mdi quan hé gin véi cac ching Diaporthe da biét. Do vay, chung nim dugc dinh danh 1a
Diaporthe TX12 HCMC. Kha ning d6i khang ciia Streptomyces flaveus RT1-1 dbi véi
Diaporthe TX12 HCMC dugc danh gia thong qua thi nghiém dong nudi cay trén moi truong
PDA. Két qua cho théy kha nang urc ché trung binh dat 71,83 £ 1,82%, ching t6 cac hop chét
trao d6i chat ngoai bao do S. flaveus RT1-1 tiét ra c6 kha nang khuéch tan vao moi trudng
thach va tic ché sy sinh truéng ciia ndm. Cac két qua thu dugc cho thay co thé sir dung S.
flaveus RT1-1 nhu mét tac nhan sinh hoc tiém ning trong viéc kiém soat bénh thdi qua xoai
do Diaporthe giy ra, qua d6 cung cAp mot giai phap thay thé than thién hon cho thudc diét
nam hoa hoc trong quéan 1y bénh thbi qua xoai sau thu hoach.

Tir khéa: Bénh thdi qua xoai, cong nghé sinh hoc ndng nghiép, kiém soat sinh hoc, ndng nghiép
bén viing, Streptomyces flaveus.
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